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Abstract
Panic disorder (PD) can result in significant functional impairment. Studies of cognitive behavioral therapy (CBT) for PD 
have demonstrated response rates ranging between 38 and 65%. d-cycloserine (DCS), a partial NMDA agonist, may enhance 
the effects of exposure-based therapy for PD in adults; however, no studies have examined its effect in adolescents with PD. 
This study examined the feasibility and acceptability of the use of DCS to augment intensive CBT for PD in adolescents. 
Twenty-four adolescents (ages 12–17) participated in this randomized, double-blinded, placebo-controlled trial, to compare 
CBT + DCS to CBT + placebo. The results demonstrated the feasibility and acceptability of the treatment to participants. 
No significant differences were found between the two groups, but both groups showed significant improvement. This is the 
first investigation of DCS in the treatment of PD in adolescents and it provides initial support for a more extensive study of 
DCS augmentation of CBT among adolescents with PD.
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Introduction

Panic disorder (PD) is a distressing and debilitating set of 
symptoms that can result in significant functional impair-
ment over time. Evidence demonstrates that the initial peak 
age for onset of PD is adolescence (e.g., Ref. [1]), with life-
time prevalence rates ranging from 1 to 5% in community 
samples (e.g., Ref. [2]) and as high as 28% in emergency 
room settings [3]. PD in adolescents is associated with 
increased economic costs for both adults and adolescents 
[4] as well as multiple additional behavioral and emotional 
problems such as depression and substance use problems 
[5, 6]. The symptoms of PD in adolescence typically lead to 
severe impairment in functioning, mostly by means of avoid-
ance of developmentally important activities in school or 
with peers, and interference with relationships with friends 
and family members. If left untreated, these symptoms may 
take a chronic course throughout adulthood [7, 8].

Evidence suggests that cognitive behavioral therapy 
(CBT) for PD is associated with significant reductions in 
symptoms among adults [9–11] and adolescents [12]. Stud-
ies evaluating CBT for specific treatment of PD have demon-
strated response rates ranging between 38 and 65% [13–15]. 
A recent development in CBT for PD in adolescents has been 
the development of an intensive treatment that is delivered to 
youth over the course of 8 days (see [16] for the description 
of the protocol). This intensive treatment program involves 
teaching youth core CBT skills, including psychoeduca-
tion about anxiety, cognitive restructuring, interoceptive 
exposure to frightening physical sensations of panic, and 
massed situational exposures with therapist coaching. A 
recently completed study compared youth who were ran-
domly assigned to one of three different study conditions: (1) 
a waitlist condition, (2) intensive panic treatment with a par-
ent component and (3) intensive panic treatment without a 
parent component. Results of this trial are described in detail 
elsewhere [16–20]; youth in both of the treatment conditions 
evidenced significant improvement in symptoms of panic 
over the 8 day period, with approximately 72% of youth dis-
playing non-clinical levels of panic at the 3 month follow up 
assessment. Youth in the waitlist condition did not show any 
significant change from pre-treatment to post-treatment. This 
trial was the first randomized trial of intensive treatment 
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for panic disorder in adolescents and indicated that this 
treatment has the potential to help youth return to healthier 
functioning after a course of brief CBT. However, further 
work is necessary to understand how to bolster treatment for 
non-responders and ensure maintenance of gains over time. 
Finding ways to maximize the effectiveness of exposures and 
potentially increase the rate of change through treatment are 
also important. With this in mind, examination of efficacious 
agents that may augment the effectiveness of existing treat-
ments is warranted.

One such agent that has shown promise in potential aug-
mentation of treatments for anxiety disorders is d-Cycloser-
ine (DCS), a partial N-methyl-d-aspartate-agonist (NMDA) 
[21]. The NMDA receptor is involved in fear extinction, 
e.g., Ref. [22], and DCS aids the extinction of learned fear. 
Extinction of fear is one of the main objectives of CBT for 
anxiety disorders, which is accomplished through exposure 
to the feared object, situation, thought, or physical symptom. 
To date, DCS has been used in a number of clinical trials of 
treatment of anxiety disorders in adults, demonstrating small 
to moderate treatment effects [22, 23].

Two studies to date have examined the effects of DCS 
for enhancing CBT for panic disorder (PD) in adults [24, 
25]. Otto et al. [24] demonstrated that DCS enhances the 
response to treatment initially. Siegmund et al. [25] reported 
that while DCS does not enhance the effects of CBT, it 
accelerates the response to treatment. While the exact mech-
anism of action of DCS is unclear, some evidence suggests 
that it facilitates learning-related synaptic plasticity (e.g., 
Ref. [26]), enhancing both amygdala- and hippocampus-
dependent learning. DCS can potentially increase the speed 
of learning from exposures and subsequently decrease 
the duration of treatment. Decreased duration in turn may 
decrease the treatment dropout rates.

Despite its potential benefits, only a handful of studies 
have examined DCS augmentation of CBT in children and 
adolescents, producing mixed findings. Storch et al. [27] 
examined the effects of DCS in the treatment of obsessive 
compulsive disorder in 30 youth 8–18 years of age, report-
ing no difference between placebo and DCS. In a pilot study 
of 17 youth with difficult-to-treat OCD, Farrell et al. [28] 
found the DCS group demonstrated greater gains at 1 month 
follow-up than the placebo group. Scheeringa and Weems 
[29] randomized 57 youth with posttraumatic stress disor-
der ages 8–17 to CBT + DCS or CBT + placebo, finding 
evidence for increased speed of recovery in the DCS group. 
Byrne et al. [30] conducted a randomized controlled trial 
among 35 children ages 6–14 with dog or spider phobia, ran-
domly assigned to DC or placebo condition, demonstrating 
improved extinction learning and increased generalization of 
the fear extinction to other contexts. Additional research is 
needed to examine the utility of DCS to augment treatment 
of pediatric anxiety disorders.

No studies to date have examined the effects of DCS aug-
mentation on CBT for PD in youth. However, adolescence is 
a population of increased interest for several reasons. First 
of all, as previously mentioned, the peak age of onset of PD 
is adolescence, and if left untreated, PD may take a chronic 
course throughout adulthood. Second, adolescence is a 
period of increased neuroplasticity, as during this time the 
neuronal circuitry of the brain continues to develop, mak-
ing the brain more susceptible to change from experiential 
learning [31]. This suggests that if fear-related learning is 
targeted in this age group, it may lead to greater and more 
enduring improvement. For adolescents with PD, the novel 
strategy of combining intensive exposure-based CBT and 
DCS provides for a promising treatment, which may poten-
tially lead to faster recovery.

This is the first study to investigate the use of DCS in a 
brief, intensive intervention for adolescents with PD in an 
effort to capitalize on increased neuroplasticity during this 
developmental period. The main goal of this pilot study was 
to evaluate the feasibility and acceptability of using DCS in 
youth in conjunction with intensive CBT for PD, including 
feasibility of recruitment, randomization, blinded assess-
ment and assignment to DCS versus placebo condition, as 
well as acceptability of the treatment, including parent’s 
perception of acceptability of the DCS component of the 
treatment.

Methods

Participants

The sample included 24 adolescents, ranging in age from 12 
to 17 years (M = 14.5; SD = 1.77) and their parents. Given 
the pilot nature of this study, it was determined that 24 par-
ticipants and their parents would afford sufficient evaluation 
of protocol feasibility and acceptability, setting the stage for 
a subsequent large-scale RCT to evaluate efficacy. Partici-
pants were excluded if they: (a) had a diagnosis of schizo-
phrenia, pervasive developmental disorder, bipolar I or II 
disorder, organic brain syndrome, and conduct disorder, or 
current suicidal ideation; or (b) had a change in their psy-
chiatric medication regimen within 4 weeks of the start of 
the treatment.

The majority of the sample was identified as Non-His-
panic White (95.8%), and the remainder was identified as 
African American. In the sample, 41.7% were males, and 
58.3% were females. Ten out of 24 participants (41.2%) 
were on a stable dose of serotonin reuptake inhibitors. Three 
(12.5%) out of 24 participants reported an income level of 
below $44,000, i.e., 200% above the established federal pov-
erty guidelines for a household of four people.
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All participants had a principal diagnosis of DSM-IV 
Panic Disorder with Agoraphobia (PDA) with a clinical 
severity rating (CSR) of four or above (M = 5.38; SD = 0.71) 
as established based on the report from both parents and 
adolescents. The most common comorbid diagnosis in the 
sample was specific phobia (N = 9; 37.5%), and 6 out of 9 
had a specific phobia of vomiting. Additionally, 16.7% met 
the criteria for generalized anxiety disorder, 12.5% met the 
criteria for separation anxiety disorder, 8.3% met the criteria 
for social anxiety disorder, 8.3% for major depressive dis-
order, 4.2% for depressive disorder, not otherwise specified 
and 4.2% for oppositional-defiant disorder.

Procedures

The study procedures were reviewed and approved by the 
Institutional Review Board of the university where the study 
was conducted. The majority of the families were recruited 
from the wait list at a university based specialty clinic in 
New England. Additional families learned about the study 
from an advertisement on the clinic website. Following the 
initial contact, the families underwent a preliminary phone 
screen. If they met the inclusion/exclusion criteria on the 
screen, they were invited for an in-person diagnostic assess-
ment with trained clinicians (for out-of-state families, the 
assessment was conducted over the telephone). Prior to the 
assessment, the families signed parental consent and child 
assent. The assessment included the Anxiety Disorders 
Interview Schedule for the DSM-IV-Child version, Child 
and Parent report forms (ADIS-IV-C/P) as well as additional 
study questionnaires. Additionally, the medical history was 
collected and reviewed by a study physician to screen for 
medical conditions that would be counter-indicative to the 
use of DCS. The assessments were conducted at baseline, 
posttreatment, and at 3-month follow-up by trained inde-
pendent evaluators, who were doctoral students in clinical 
psychology at the university where the study was conducted. 
These evaluators were also trained to reliability in adminis-
tration of the ADIS-IV-C/P. Participants were offered mon-
etary compensation for the posttreatment and the follow-up 
assessments.

All adolescents who met the inclusion criteria were rand-
omized into either the DCS or placebo group. The treatment 
consisted of six 2–6 h long sessions and 2 days of independ-
ent practice. The participants received 50 mg of DCS or 
50 mg of placebo pill identical in appearance on all 3 days of 
their exposure-based therapy sessions (days 3–5), 1 h prior 
to the start of the exposure. All treatment was conducted by 
the principal investigator of the study, a licensed psycholo-
gist with extensive experience with the treatment protocol. 
Both the evaluators and the study therapist were blind to the 
treatment condition.

Treatment Program

The intensive treatment protocol for PD in adolescents 
described earlier [16] was used in the study. The treatment 
entailed 8 days of CBT (2–6 h of treatment each day) and 
included the following skills: psychoeducation, cognitive 
restructuring, interoceptive exposures, in-vivo exposures 
(with the therapist on days 4 and 5 and independently on 
days 6 and 7), and relapse prevention. Each session also 
included a 30-min-long parent component at the end, 
where the therapist introduced the parents to the skills 
learned in session and to parenting techniques intended to 
help manage their child’s anxiety.

Measures

Measures used in this study were a combination of clini-
cian-rated, parent-report, and self-report. The most psy-
chometrically sound measures for each construct were 
carefully selected. Table 1 presents the Cronbach’s Alpha 
values for the self-report measures. Following guidelines 
by George and Mallery [32], internal consistency val-
ues were considered acceptable if Cronbach’s alpha was 
≥ 0.70.

Anxiety Disorders Interview Schedule 
for the DSM‑IV‑Child and Parent Versions 
(ADIS‑IV‑C/P [33])

The ADIS-C/P a structured interview designed to diagnose 
anxiety disorders of childhood and adolescence. It is based 
on DSM-IV criteria and is used both to determine the diag-
nosis and its severity. It allows for differential diagnoses 
among all the DSM-IV anxiety and related disorders and 
provides data regarding symptomatology of the disorder. In 
addition to anxiety disorders, the ADIS assesses for related 
conditions, including depressive disorders. For each diagno-
sis, a clinical severity rating (CSR) is assigned, ranging from 
0 (none) to 8 (very severe), based on the degree of impair-
ment and distress of the disorder. A CSR level of 4 or above 
is indicative of a clinical level of impairment.

Table 1  Cronbach’s alpha for 
self-report scales

Pre Post 3-month

Measure
 PDSS 0.78 0.92 0.79
 CASI 0.82 0.92 0.90
 APPQ 0.89 0.92 0.84
 SSS 0.79 0.84 0.70
 POTQ N.A 0.89 0.90
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Panic Disorder Severity Scale (PDSS [34, 35])

The PDSS is a seven-item self-report scale that assesses 
panic disorder symptomatology (panic frequency, distress, 
anticipatory anxiety, panic-related avoidance of situations 
and sensations), and impairment associated with the dis-
order. The reliability and validity of the PDSS have been 
established [35]. A parallel seven-item child version of 
the PDSS was used (PDSS-C) in which reference to work 
has been replaced by one to school. The PDSS-C has been 
shown to have strong psychometric properties [36]. In addi-
tion to pre-, post-, and 3-month evaluation, the PDSS-C was 
administered at each visit.

Panic and Phobia Questionnaire (PPQ [37])

The PPQ is a 27-item self-report scale consisting of three 
factor-analytically distinct subscales that assess fear and 
avoidance of agoraphobic situations, social situations, 
and situations and activities that produce bodily sensa-
tions commonly feared by individuals with panic disorder 
(interoceptive fear). The three subscales have good internal 
consistency, test–retest reliability, and construct validity. In 
addition to pre-, post-, and 3-month evaluation, the PPQ was 
administered at each visit.

Subjective Symptoms Scale (SSS‑C)

The SSS-C is a modification of a self-report scale intro-
duced by Hafner and Marks [38], consisting of ratings of 
the extent to which anxiety symptoms interfere with five 
areas of daily functioning. These areas have been modified 
slightly to be developmentally appropriate for adolescents. 
They are: school, home management, private leisure, social 
leisure, and family relationships. The SSS for Adults has 
been used in several large NIMH-funded studies, including 
several multicenter panic studies. The SSS was administered 
at pre-, post-, and 3-month evaluation.

Childhood Anxiety Sensitivity Index (CASI [39])

The CASI is an 18-item self-report scale modified from the 
Anxiety Sensitivity Index [40]. The CASI solicits ratings of 
how aversely youth view anxiety symptoms. The CASI has 
been reported to have good psychometric properties in both 
clinical and nonclinical samples [39, 41–43]. The CASI was 
administered at pre-, post-, and 3-month evaluation.

Clinical Global Impression‑Improvement 
(CGI‑Improvement [44])

The CGI is a one item measure of diagnostic improvement, 
which is rated by the clinician. The scale ranges from 1 (very 

much improved) to 7 (very much worse). It was rated at post-
treatment and at 3-month follow-up.

Perceptions of Treatment Questionnaire‑Adolescent 
Version (POTQ‑A [45])

The POTQ-A is a self-report instrument that was devel-
oped for use in treatment studies at the university in which 
this study was conducted. It assesses the acceptability of 
treatment, its helpful and unhelpful aspects, as well as sat-
isfaction with treatment on a 0–8 scale. It was administered 
at post-treatment as well as 3-month-follow up in order 
to assess whether the treatment was perceived differently 
between the DCS and the placebo group.

Statistical Approach

Data were entered in SPSS version 20. T tests and Chi square 
tests were utilized to examine the pre-treatment differences 
between the two groups. The treatment effects were exam-
ined using mixed-factor general linear models where time 
was entered as the repeated measure. Additionally, the dif-
ferences in the rate of improvement between the two groups 
were compared using mixed linear modeling in R.

Results

Feasibility

The recruitment flow chart is presented in Fig. 1. The recruit-
ment efforts were carried out for approximately 21 months. 
Four potential participants were screened per month, out of 
which two were asked to complete the diagnostic assess-
ment. Approximately two participants enrolled in the study 
each month. Out of the 24 participants enrolled, two did 
not complete the treatment, suggesting a retention rate of 
91.6%. All the participants, who completed the treatment, 
completed their post-treatment and 3-month questionnaires. 
The participants and their families adhered to the treatment 
protocol, including taking a pregnancy test for females who 
have entered puberty prior to starting the DCS phase of the 
study and taking the DCS or placebo pill an hour prior to the 
start of exposures. No parent reported reservations about the 
DCS component of the study.

Power Analysis

Although this was a pilot study with a primary goal of estab-
lishing feasibility, a power analysis was conducted to deter-
mine the likelihood of showing meaningful differences by 
means of a mixed model repeated measures ANOVA with 
two conditions. The power analysis, assuming a medium 
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effect size (alpha ≤ 0.05 and beta ≥ 0.8) found that a sample 
of 34 participants is sufficient to detect stable and reliable 
findings. Assuming a medium effect size, power for the cur-
rent sample size is 0.69.

Adverse Effects

None of the participants reported adverse side effects fol-
lowing the administration of the medication.

Pre‑treatment Differences

No pre-treatment differences were found between the DCS 
and placebo groups on the CSR of the PDA diagnosis, 
PDSS, PPQ, CASI, SSS, or the number of comorbid diag-
nosis (Table 2). No differences were found in gender and 
income distribution between the two groups. No difference 
was found in the number of the SSRI prescriptions between 
the two groups.

Post‑treatment

Twenty-two of the 24 participants completed the treatment, 
and the post-treatment data were available for all the treat-
ment completers. Treatment response was examined in sev-
eral ways. When the CSR level of ADIS-C/P was used as the 
recovery criterion (CSR < 4), 66.7% (8 out of 12) of the DCS 
group and 90% (9 out of 10) of the placebo group no longer 
carried their diagnosis of PD at the end of the treatment. 
There was no significant difference between the two treat-
ment groups in the recovery rate at post-treatment (Fisher 
exact test, p = 0.323).

Treatment response was also measured by evaluating 
CGI-I scores; responders were characterized as having 
been much improved (CGI-I score of “2”) or very much 
improved (CGI-I score of “1”). Response rates were similar 
to diagnosis-specific recovery rates described above; 75% 

Baseline Evaluation

N=42

Ineligible

N=18

Randomized

N=24

DCS

N=14

Placebo

N=10

Dropped out during 

treatment

N=2
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treatment

N=0

Completed treatment 

and follow-ups

N=12

Completed treatment 

and follow-ups
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Fig. 1  Recruitment flowchart

Table 2  Pretreatment, post-treatment, and 3-month follow up measures across the two conditions

DCS [M (SD); Range] Placebo [M (SD); Range]

Pre Post 3-month Pre Post 3-month

Measure
 PDA CSR 5.33 (0.78); 4–6 2.08 (2.31); 0–6 1.83 (1.64); 0–4 5.40 (0.70); 4–8 1.70 (1.95); 0–6 1.90 (1.66); 0–5
 PDSS 9.67 (12.06); 4–18 5.75 (4.22); 0–12 5.42 (4.12); 0–11 12.20 (4.64); 4–20 5.0 (6.25); 0–19 3.30 (3.37); 0–11
 CASI 36.83 (5.70); 30–48 32.75 (8.98); 19–48 29.17 (8.92); 19–47 38.40 (7.31); 27–52 29.20 (7.63); 18–42 28.50 (5.89); 0–15
 APPQ 40.83 (22.17); 11–142 21.83 (20.70); 0–62 20.0 (12.06); 0–42 55.8 (28.4); 5–103 35.80 (32.19); 0–109 33.50 (27.41); 0–91
 SSS 15.08 (7.14); 3–31 9.58 (7.79); 0–27 7.17 (5.11); 0–15 19.30 (8.10); 8–35 6.10 (7.65); 0–25 4.10 (5.89); 0–15
 POTQ N.A 82.75 (10.69); 62–94 98.75 (17.43); 70–125 N.A 85.50 (18.22); 52–101 99.30 (27.25); 38–123
 No. of 

comorbid 
diagnoses

2.42 (1.44); 1–7 1.08 (1.38); 0–5 0.75 (0.75); 0–4 1.90 (1.10); 1–4 0.70 (1.34); 0–4 0.50 (1.27); 0–3
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of individuals (9 out of 12) in the DCS group were CGI-I 
responders whereas 90% of individuals (9 out of 10) in the 
placebo group were CGI-I responders. Only one person in 
each group was characterized as not improved (“no change 
or worsened”).

A mixed model repeated measures ANOVA with treat-
ment condition (DCS and placebo) as a between-subject fac-
tor and time (pre- and post-treatment) as a within-subject 
factor was conducted to assess treatment outcome using 
the treatment outcome measures (CSR, PDSS, CASI, PPQ, 
SSS) as well as the total number of comorbid diagnoses. The 
descriptive statistics for outcome measures are presented in 
Table 2.

Significant effects were found for time on all the primary 
outcome measures: CSR [F (1, 20) = 63.99, p < 0.001]; 
PDSS [F (1, 20) = 19.08, p < 0.001], CASI [F (1, 20) = 13.51, 
p < 0.001], APPQ [F (1, 20) = 15.52, p = 0.001], SSS [F (1, 
20) = 18.73, p < 0.001], and number of diagnoses [F (1, 
20) = 43.04, p < 0.001]. The effect sizes were large, Cohen’s 
d ranging from 1.64 to 3.58. However, no significant effects 
were found for the interaction of time and treatment condi-
tion for any of these measures. Overall, the participants were 
satisfied with the treatment, as reported in POTQ-A. On a 
specific item asking how much the treatment helped them 
cope with anxiety on a scale ranging from 0 (not at all) to 8 
(very much), 46% of the sample reported “8” and another 
16% reported “7”. Independent t test was conducted to com-
pare the POTQ-A scores at post-treatment between the two 
groups, not detecting any significant differences.

3‑Month Follow Up

The data were collected from all 22 treatment completers. 
Using the CSR level of ADIS-C/P as the recovery criterion 
(CSR < 4), 10 out of 12 participants (83.3%) in the DCS 
group and 9 out of 10 participants (90%) in the placebo 
group no longer carried their diagnosis of PD at the 3-month 
follow up. There was no significant difference between the 
two groups in the recovery rate at 3-month follow up (Fisher 
exact test, p = 1.0). However, two additional participants in 
the DCS group demonstrated improvement after the com-
pletion of the treatment. The examination of the CGI scores 
demonstrated that 75% of individuals (9 out of 12) in the 
DCS group were CGI-I responders whereas 80% of individu-
als (8 out of 10) in the placebo group were CGI-I responders.

A mixed model repeated measures ANOVA with treat-
ment condition (DCS and placebo) as a between-subject 
factor and time (pre- and 3-months follow up) as a within-
subject factor was conducted to assess treatment outcome 
using the treatment outcome measures (CSR, PDSS, 
CASI, PPQ, SSS) as well as the total number of comorbid 
diagnoses. Significant effects were found for time on all 
the primary outcome measures: CSR [F (1, 20) = 86.92, 

p < 0.001]; PDSS [F (1, 20) = 36.06, p < 0.001], CASI 
[F (1, 20) = 31.42, p < 0.001], APPQ [F (1, 20) = 25.96, 
p < 0.001], SSS [F (1, 20) = 18.73, p < 0.001], and number 
of diagnoses [F (1, 20) = 44.48, p < 0.001]. The effect sizes 
were large, Cohen’s d ranging from 1.92 to 3. Additionally, 
a significant effect was found for the interaction of treat-
ment condition and time for PDSS (F = 4.51, p = 0.046; 
Cohen’s d = 0.8), suggesting that the placebo group had 
more significant reduction at 3  months than the DCS 
group.

Overall, the participants continued to be satisfied with the 
treatment at the 3-month follow-up, as reported in POTQ-A. 
On a specific item asking how much the treatment helped 
them cope with anxiety on a scale ranging from 0 (not at 
all) to 8 (very much), 32% of the sample reported “8” and 
another 32% reported “7”. Independent t-test was conducted 
to compare the POTQ-A scores between the two groups, not 
detecting any significant differences.

Speed of Improvement

To investigate the speed of improvement, we fit a linear 
mixed effects model with random intercept and slopes. We 
created two categories for the time: sessions 1–2 (before the 
introduction of DCS/placebo) and sessions 3–6 (after the 
introduction of DCS/placebo). We fit a model that incorpo-
rated the treatment group as the class variable, subject level 
as the random intercept, and a random group-by-time inter-
action term to examine whether the difference in the slopes 
between the two treatment groups in the first part of treat-
ment was significantly different from the difference in the 
slopes between the two treatment groups in the second part 
of treatment. These models were examined for two separate 
dependent variables: panic symptomatology as measured 
by PDSS (Fig. 2) and situational avoidance as measured by 
APPQ (Fig. 3), both collected daily throughout the treat-
ment. No differences were found in the speed of improve-
ment between the two groups on either measure.

0
2
4
6
8

10
12
14

Day1 Day2 Day3 Day4 Day5 Day6

DCS
Placebo

Fig. 2  Daily PDSS ratings by treatment group
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Treatment Responders

There were no significant differences between post-treatment 
treatment responders and non-responders when evaluating 
baseline symptom differences collapsed across treatment 
condition on the PDSS, t(20) = 0.093, p = 0.927; CASI, 
t(20) = 0.936, p = 0.360; SSS, t(20) = − 1.556, p = 0.135; 
and the APPQ, t(20) = 0.389, p = 0.701. When evaluating 
treatment response at 3-month follow-up, there were again 
no significant differences between treatment responders and 
non-responders when evaluating baseline symptom differ-
ences collapsed across treatment condition on the PDSS, 
t(20) = 0.637, p = 0.824; CASI, t(20) = 1.235, p = 0.231; SSS, 
t(20) = − 1.059, p = 0.302; and the APPQ, t(20) = 0.701, 
p = 0.492.

Discussion

This was the first study to examine the acceptability and 
feasibility of the use of DCS in conjunction with intensive 
CBT for PD in adolescents. The study explored the potential 
effects of DCS on the efficacy of the intensive treatment of 
PD in adolescents in comparison to placebo at post-treat-
ment and 3 months after the completion of the treatment. 
The results demonstrate that the study of the effects of DCS 
on the intensive CBT treatment of PD in adolescents is fea-
sible to conduct and DCS is acceptable to participants and 
families. The recruitment goals were met, and the study 
procedures were carried out as intended. No adverse effects 
were reported at the 50 mg dose, and no families reported 
unwillingness to participate in the treatment because of the 
administration of DCS. The attrition rates were 8.3%. The 
participants overall were satisfied with the treatment, report-
ing it to be helpful.

Both placebo and DCS groups benefited significantly 
from the treatment, demonstrating once again that the inten-
sive treatment for PD in adolescents is potentially highly 
effective. Overall, 77% of all participants no longer had a 
PD diagnosis at post treatment and 86% did not have a PD 

diagnosis at 3-month follow-up. Three additional partici-
pants in the DCS group no longer met the criteria for PD 
at 3 months in comparison to post treatment. This number 
was unchanged for the placebo group. However, this differ-
ence was not significant. Both groups showed significant 
improvement from pre to post-treatment and from pretreat-
ment to 3-month follow-up. Interestingly, there was a sig-
nificant interaction effect of treatment condition and time 
found at follow-up for PDSS, showing a greater decrease in 
the scores of the placebo group. However, these findings are 
difficult to interpret due to the small sample size.

The recovery rates in this study were slightly higher than 
those reported in the intensive study of PDA in adolescents 
(Pincus et al. in preparation). This may be due to the pres-
ence of the pill and the potential placebo effect from it. In 
fact, several participants anecdotally attributed their success 
to the pill (e.g., “I must be in the medicine group.”).

The post-treatment and 3-month follow-ups revealed that 
in both groups the number of comorbid conditions signifi-
cantly decreased as a result of the intensive CBT for panic 
disorder. This was consistent with the previous study of 
intensive CBT for panic in adolescents [46]. The speed of 
recovery did not differ significantly between the two groups. 
No significant difference was found between the groups in 
first versus second part of treatment.

The lack of effect of DCS is consistent with some of the 
DCS studies with other psychiatric disorders (e.g., Ref. 
[27]), and there are several reasons that may explain it. First, 
it is possible that the lack of effect of DCS is due to the 
high degree of efficacy of CBT itself, which then results in 
ceiling effect for further enhancement [27]. Another reason 
for the lack of the effect of DCS may be that not only does 
DCS enhance fear extinction, but it also may enhance the 
fear-related memories (e.g., Ref. [47]). For example, Smits 
et al. [48] found that low subjective ratings of fear at the end 
of the exposure led to greater improvements in patients with 
acrophobia who were given DCS versus placebo. Similar 
findings were reported by Smits et al. [49] for individuals 
with social anxiety disorder. If this is the case, perhaps DCS 
should be administered following successful exposures only, 
in order to consolidate the learning that takes place follow-
ing that exposure (e.g., Ref. [50]).

Some studies have considered the potential interaction of 
SSRIs with the NMDA receptor complex. In animal stud-
ies, Paul et al. [51] found that long-term exposure to all 
classes of antidepressant medication (including SSRIs) in 
mice leads to neurochemical changes in the NMDA receptor 
complex, which in turn will reduce the effects of DCS. On 
the contrary, in a meta-analysis of DCS studies, McGuire 
et al. [52] found that in anxiety disorder trials, a larger DCS 
effect was associated with a higher number of participants 
taking SSRIs. Mataix-Col et al. [53] reported no effects for 
SSRIs. In the present study, 42% of the participants were on 
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a stable dose of an SSRI, but the small n did not allow for 
the investigation of the potential SSRI effects.

Conclusions

The present investigation demonstrates that the use of DCS 
in youth with PD is feasible and acceptable by the families 
and youth. It further confirms that intensive treatment for 
PD is highly effective, as demonstrated by the recovery rates 
for both DCS and placebo groups. Moreover, while PD was 
the focus of the treatment, the number of comorbid diag-
noses not specifically addressed in the treatment decreased 
significantly at post treatment and at the 3-month follow-up 
for both groups, suggesting that the intensive treatment is 
potentially effective for a range of anxiety disorders.

Limitations

The study has certain limitations. While the small sample 
size was determined by the pilot nature of the study, it lim-
ited statistical power and thereby the opportunity to draw 
meaningful conclusions about the effects of DCS on treat-
ment. Moreover, the sample size did not allow us to statisti-
cally examine the differences between treatment responders 
and non-responders as well as the response to DCS between 
the participants who were on a stable dose of SSRIs and the 
ones who were not. Additionally, because multiple expo-
sures were conducted per day, we did not have a meaningful 
way of distinguishing successful and unsuccessful exposures 
in order to examine the differential effects of DCS. Finally, 
all the treatments were conducted by the same therapist (the 
PI of the study), which ensures treatment adherence, but 
at the same time it is not clear whether these results would 
generalize to other therapists.

Future Directions

There are several potential directions for future research 
stemming from this work. First, because we have found 
the use of DCS in intensive treatment of PD in adolescents 
feasible and acceptable, a larger scale RCT of cognitive 
enhancers for CBT in this population can be developed. A 
study with a larger sample would allow for detection of the 
effects of DCS not only on the treatment outcome but on the 
speed of recovery. A larger sample would also enable the 
investigators to look at the differences between responders 
and non-responders in order to tailor the treatment accord-
ingly as well as to examine the role of SSRIs in moderating 
the effects of DCS. In such a study, a “no pill” group can 
be included to ensure that the improvement is not due to a 

placebo effect. Finally, a larger scale study would allow to 
examine the timing of the administration of DCS in order 
to maximize its effectiveness. One such study is under way 
now for adults with social anxiety disorder, with a goal of 
developing an optimal algorithm of DCS administration in 
CBT [54].

Another important direction for future research is the 
expansion of intensive CBT treatment for youth. In this 
study, all participants regardless of the treatment group dem-
onstrated a significant decrease in the number of comorbid 
disorders (predominantly anxiety disorders) as the result 
of intensive CBT for panic disorder. This demonstrates the 
effectiveness of the intensive treatment model. It is impera-
tive to develop an intensive CBT protocol for adolescents 
that will target all anxiety disorders in a developmentally 
appropriate manner. There are only a handful of intensive 
treatment protocols developed for youth (in addition to the 
one utilized in this study), including one for obsessive–com-
pulsive disorder and one for specific phobia. No treatments 
have targeted the entire spectrum of often comorbid anxiety 
disorders in adolescents. The development of such protocols 
will likely increase patients’ access to treatment and provide 
more immediate relief for youth and their families.

Finally, while DCS has been the most empirically sup-
ported cognitive enhancer, there are several others that 
are being investigated with adults, including yohimbine, 
catecholamines, and methylene blue (see Ref. [54]). The 
research on these enhancers is in the beginning stages, but 
they may be worthy of exploration in adolescents as we 
strive to continue to improve the efficacy of CBT for anxi-
ety disorders in youth.

Summary

Panic disorder is a distressing and debilitating set of symp-
toms that can result in significant functional impairment over 
time. The symptoms of PD in adolescence typically lead to 
severe impairment in functioning, mostly by means of avoid-
ance of developmentally important activities in school or 
with peers, and interference with relationships with friends 
and family members. If left untreated, these symptoms may 
take a chronic course throughout adulthood.

Studies evaluating CBT for PD have demonstrated 
response rates ranging between 38 and 65%. Preliminary 
results have suggested that d-cycloserine (DCS), a partial 
NMDA agonist, may enhance the effects of exposure-based 
therapy for PD in adults; however, no studies have examined 
its effect in adolescents with PD.

The present study examined the feasibility and accept-
ability of the use of DCS in conjunction with intensive 
CBT for PD in adolescents. Twenty-four adolescents (ages 
12–17) participated in this randomized, double-blinded, 
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placebo-controlled trial, to compare CBT + DCS to 
CBT + placebo. Both groups received individual intensive 
CBT for PD, delivered over a course of 8 days, with DCS or 
placebo administered 1 h prior to the start of the exposures.

The results demonstrated that the study of the effects of 
DCS on the intensive CBT treatment of PD in adolescents 
is feasible to conduct and DCS is acceptable to participants 
and families. No adverse events were reported. The partici-
pants overall were satisfied with the treatment. No signifi-
cant differences were found between the two groups on any 
of the outcome measures, but both groups showed significant 
improvement. This is the first investigation of DCS in the 
treatment of PD in adolescents and it provides initial support 
for a more extensive study of DCS augmentation of CBT 
among adolescents with PD.

Funding This study was funded by the Brain and Behavior Research 
Foundation Grant No. 19050 to Ovsanna Leyfer, Ph.D.
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